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(54) Apparatus for establishing branch wells from a parent well 

(57) A method and apparatus tor creating multiple 
branch wetis from a parent well is disclosed. According 
to a first embodiment of the Invention a mutUpte branch- 
ing eub a provided lor placement at a branching node 
of a wett. Such sub includes a branching chamber (32) 
and a plurality of branching outlet members (34-38). The 
outlet members, during construction of the branching 
nib, have previously been alatortod into oblong shapes 
so that at of the branching outlet members fit within an 
imaginary cylinder which is coaxial with and substantial- 
ly the same radius as the branching chamber According 
to one embodiment the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodimerU. the distorted outlet members are character- 
ized by an outer concave shape when h a retracted 
state. After deployment of the brariching sub via a parent 
casing in the well a forming tool Is lowered to the interior 
of the sub. The outlet members are extended outwaroTy 
bythefcniiingtoolaj^aimurtaneousry 
stantiaUy round tubes. Next, each outlet member is 
plugged with cement, alter which each branch weP is 
drilled through a respective outlet member. It desired, 
each branch may be fined with casing and sealed to a 
branching outlet by means of a casing hanger. A mani- 
fold placed ii the branching chamber controls the pro- 
ductionof each branch well to the parent wel. According 
to a second embodiment of the Invention, a pressure 
resistant branching sub is provided which may be tn- 
staOed h series with a casing string, and the associated 
equipment used tor the installation operation and inter- 
vention of a well. The branching sub includes a main 
pipe and a lateral outlet. 




■ -son s*»S{T-ft> 



BEST AVAILABLE COPY 



EP 0 823 534 A1 



2 



Description 

This invention relates generally to the field of weds, 
particularly to me field of establishing branch wells from 
a parent hydrocaroon well More particularly the inven- 
tion relates to estabishing multiple branch wells from a 
common depth point, called a node, doep in the well. 

BACKGROUND OF THE INVENTION 

Muttple wells have been drSled from a common lo- 
cation, particutarty while drilling from an offshore plat- 
form where muftipte wells must be drilled to cover the 
great expenses of offshore drilling. As iaustrated in Fig- 
ures 1A and 1B. such wefts are drilled through a com- 
mon conductor pipe, and each wed includes surface 
casing liners, vteimediate casing and parent casing as 
b woil known in the field of offshore drSBng of hydrocar- 
bon wetls. U.S. Patent 5.458.199 describes apparatus 
and methods for dr»ng multiple wetls from a common 
weflbore at or near tie surface of the earth. U.S. Patent 
4,573.541 describes a downhote take-off assembly for 
a parent well which includes multiple take-off tubes 
which communicate with branched wells from a com- 
mon point. 

Branch wets are also known In the art of well drilling 
which branch from multiple points In the parent weB as 
iliustraled in Figure 2. Branch wells are created from the 
parent well, bu: necessarily the parent well extends be- 
low the branding point of the primary well. As a result, 
the branching weB is typically of a smaller diameter than 
that of (he primary weB which extends below the branch- 
ing point Furiiermore, difficult sealing problems have 
faced the art for establishing communication between 
the branch wot and the primary weB. 

For example. U.S. Patent 5.388.648 describes 
methods relating to well juncture sealing with various 
sets of embedments to accomplish such sealing. The 
disclosure of fre *648 patent proposes solutions to sev- 
eral serious sealing problems which are encountered 
when establishing branches in a well. Such sealing 
problems releie to the requirement of ensuring the con- 
nectivity of the branch casing liner with the parent casing 
and to maintain*^ hydraulic Isolation of the juncture un- 
der differentia* pressure. 

A fundamental problem exists in establishing 
branch weds at a depth h a primary wetl In that appara- 
tus for estabfishhg such branch wells must be run on 
parent casing which must fit within intermediate casing 
of the well Accorcfngfy any such apparatus for estab- 
lishing branch watts must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Furthermore, It is desirable that when branch weds are 
established, they have as large a diameter as possfcle. 
SUdfurmer. itisdesirabletr^suchbraiich 
with casing which may be established and sealed with 
the branching equipment with conventional casing 
hangers. 



An rnportant object of this invention is to provide an 
apparatus and method by which multiple branches con- 
nect to a primary well at a single depth in the wel where 
the branch wells are controlled and seated with respect 
5 to the prinia^ well with corwMUional tir>er-tCHasir»g con- 
nections. 

Another important object of this invention is to pro- 
vide a multiple outlet branching sub having an outer di- 
ameter such that it may be run in a well to aoeptoyment 
id location via primary casing. 

Another object of this invention is to provide a mul- 
tiple outlet branching sub In which multiple outlets are 
fabricated in a retracted state and are expanded while 
downhote at a branching deployment location to pro- 
fs ducemaximum branch weU cOametere founded to pro- 
vide conventional SneMCrcasing connections. 

Another object of this hvertion Is to pcovioe appa- 
ratus for downhote expansion of retracted outlet mem- 
bers in order to direct each outlet into an arcuate path 
20 outwardly from the axis of the primary wel and to ex- 
pand the outlets into an essentially round shape such 
that after a branch well Is drilled through an outlet, con- 
ventional finer-to-casing corrections can be made to 
such outlet members. 

25 

SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided r> a method and apparatus for establishing 
30 multiple branch wells from a parent wel A multiple 
branching sub is provided for deployment in a borehole 
by means of a parent casing through a parent wetl The 
branching sub indudes a branching ©han^ which has 
an open first end of cylindrical shape. The branching 
X chamber has a second end to which branching outlet 
members are connected. The first end is connected to 
the parent won casing in a conventional manner, such 
as by threading, for deployment to a branching location 
in the parent weU. 
*t Multiple branching outlet members, each of which 
is integrally connected to the second end cf the branch- 
gig chamber, provide fluid oonvnunfcaton with the 
branchrig chamber. Each of the outlet members is pre- 
fabricated such that such members are h a retracted 
4S posdicri for insertion of the sub into and c^ ttrough 
the parent Well to a deployment tocattoncteepiitiewetl 
Each of the multiple outlets is substantially totaly within 
an imaginary cylinder which is coaxial wit» and of sub- 
stantially the same radius as the first end of the branch- 
$c ng chamber. The prelaJbrication of the ouOet rnornbers 
causes each outlet member to be transformed in cross- 
sectional shape from a round or circular shape to an ob- 
long or other suitable shape such that its outer profile 
fits within the imaginary cylinder. The outer profile of 
55 each outlet member cooperates with the outer profiles 
of other outlet members to substantially « the area of 
a cross-soction of the imaginary cylinder As a result, a 
substantially greater cross-sectional area of the multiple 
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outlet members is achieved withh a cross -coction of the 
knaginary cylinder as compared with a corresponding 
number of tubular multiple outlet members of circular 
cross-section. 

The multiple outlet members are constructed of a 
material which may be plastically deformed by cold 
forming. A forming tool Is used, after the multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- 
ably all of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
multiple outlets are expanded Into a substantially circu- 
lar radial cross -sectional shape along their axial extent. 

After the multiple outlet members which branch 
from the branching chamber are expanded, each of the 
mufiipie branching outlets are plugged. Next a borehole 
is drilled through a selected one of the multiple branch* 
ing outlets. A substantially round liner is provided 
through the selected branching outlet and into the 
branch well. The finer of circular cross-section is sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole 
and liner is established for a plurality of the multiple 
branching outlets. A downhole manifold is installed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 

The apparatus for expanding an outlet of the multi- 
ple branching sub includes an uphote power and control 
unit and a downhole operational unit An electrical wire- 
line connects the uphote power and control unit and the 
downhole operational unit. The wireSne provides a 
physical connection for lowering the downhole opera- 
tional unit to the branching sub and provides an electri- 
cal path lor transmission of power arxJblcSrectk>nal con- 
trol and status signals. 

The downhole operational unit Includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet member of the sub 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- 
ously The downhole operational unit includes batching 
and orientation mechanisms which cooperate with cor- 
responding mochanlsms of the sub. Such cooperating 
mechanisms attow the forming mechanism to bo radially 
oriented within the multiple branching sub so that a is 
aligned wfth a selected outlet of the sub and preferably 
with afl of the outlets of the sub. The downhole opera- 
tional unit deludes a hydraulic pump and a hoad having 
hydraulic fluid lines connected to the hydraulic pump. 
The lormng mechanism includes a hydraulicaiy pow- 
ered forming pad. A telescopic link between each form- 
rig pad and head provides pressurized hydraulic fluid 
to the forming pads as Ihey move downwardly white ex- 



panding the outlet members. 

According to a second alternative embodiment of 
the invention , a branching sub is provided which allows 
multiple branches from a parent casing without the need 

s for sealng joints and which allows the use of conven- 
tional wefl controlled finer packers and casing joints. The 
geometry of the housing of the branching sub allows the 
housing to achievo maximum pressure rating consider- 
ing the size of the branch outlet with regard to the size 

10 of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features of the inven- 
ts tion will become more apparent by reference to the 
drawings which are appended hereto and wherein an 
illustrative ernbocSment of tie invention b shown, of 
which: 

so Figures 1 A and IB ilustrate a prior art triple liner 
packed in a conductor casing temvnation in which 
the outlot members are round during installation 
and are packed to fit wihh the conductor casing; 
Figure 2 illustrates a prior art parent or vertical well 

26 and lateral branch wets which extend therefrom; 

Figures 3A, 38, and 3C ilustrate a three outlet 
branching sub accordhg to a first embodiment of 
the invention where Figure 3A is a radial cross-sec- 
tion through the branching outlets of the sub. with 

30 one outlet completely in a retracted position, with 
another outlet in a position between its retracted po- 
sition and Its fully expended position, and the third 
outlet being in a fully aipandod position, and where 
Figure 38 is a radial cross-section through the 

25 branding outlets ofth© sub with each of the outlets 
fully expanded after deployment In a parent weH, 
and Figure 3C is an axial cross-section of the 
branch rig sub showing two of the branching outlets 
fulfy expanded to a roend shape in which casing has 

40 been run into a branch wefl and sealed with respect 
to the branching outlets by means of conventional 
liner hanging packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching sue of a first embodiment of the 

45 hvention with the outlet branches expanded 

Figures 5A. 5B, 5C. and 50 illustrate configurations 
of the first embocfimont of the invention with asym- 
metrical branching outlets with at least one outlet 
having larger internal dimensions than the other 

so two, with Figure 5A being a radial cross-section 
through the branching outlets along fine 5A-5A in a 
retracted position, wth Figure 5B being an axial 
cross-section through the ines 5&5B of Figure 5A. 
with Figure 5C being a radial cross-section along 

65 Bnes 5C-5C of Fic^e 50 wimtrw branching cxrtle 
to an expanded position, and with Figure 50 being 
an axial cross-section along fines 5D-5D of Figure 
5C with the branching outlets in an expanded posi- 
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too; 

Figures 6A-6E fflustrate radial cross-sod ions erf 
several examples of branching outlet configurations 
of the branching sub according to the first embodi- 
ment of the invention, with an outlet branches fully 5 
expanded from their ro traded state during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet branches. Figure 6B Illustrat- 
ing three equal diameter outlet branches. Figure 
6C. like Figure SC. Blustrating three outlet branches to 
with one branch characterized by a larger diameter 
than the other two. with Figure 60 illustrating four 
equal diamo tor outlet branches, and with Figure 6E 
iflustrathg five outlet branches with the center 
branch being of smaller diameter than the other « 
four. 

Figures 7A-7E flustrate stages of expanding the 
outlet members of an expandable branching sub ac- 
cording to the invention, with Figure 7A illustrating 
,an axial cross-section of the sub showing multiple *o 
branching outlets win one such outlet h a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the brancning outlets, with Figure & 
7B illustrating a radial cross-section at axial position 
8 of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showng various stages of expansion as a function 30 
of axial distance along the branching outlets; 
Figures BA and 68 illustrate respectively in axial 
cross-section and a radial cro&s-eection along lines 
88*8. latching and orientation profiles of a branch- 
ing chamber of the branching sub. and Figure 8A x 
further illustrates an extension leg and supporting 
shoe for deployment in a parent well and lor provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; 
Figure 9 schematically illustrates uphole and down- 
hole apparatus lor expanding the branching outlets 
of the branching sub; 

Figure 10 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure forming pad of the apparatus of Figure 9; 45 
Figures 11A-11H Orustrate steps of an installation 
sequence for a nodaf branching sub and for creating 
branch wells from a parent well; 
Rgure12 iBustetes a branching sub deployed in a 
parent weP and further illustrates branch well liners so 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub tor conuofiing production from branch weOs 
into the parent weR; 

Figures 1 3A and 1 38 geometrically illustrate the ■> « 
crease in branch wet) size achievable for this inven- 
tion as compared with prior art conventional axial 
branch welts 1 ram liners packed at the end of parent 



casing; 

Figures 14A-140 are ilustrat'ive sketches of nodal 
branching according to the invention where Figure 
14A illustrates establishing a node in a parent well 
and establishing branch weOs at a common depth 
port in the parent well, all of which communicate 
with a parent wen at the node of the parent weft; with 
Figure 148 atust rating an expanded branching sub 
when has had Is branching outlets expanded be- 
yond the diameter of the parent casing and formed 
to be substantiafly round; with Figure 1 4C Mustrat- 
rtg using a primary node and secondary nodes to 
produce fryckocarbons from a single strata; and with 
Hgure 140 ilustraling using an expanded branch- 
hg sub from a primary node to reach multiple sub- 
terranean targets; 

Figure ISA Wustrate* a two outlet version of a 
branching sub according to the first ernbodiment of 
fte nvention. with Figures 1 SB, 1 SB*. 1 5C. and 1 SO 
llustrating croes-eectional profiles of such two out- 
let version of a branching sub with an alternative 
pod-forming tool at various depth locations in the 
cutlet members; 

Figure 16 illustrates a two arm alternative version 
of a poet-forming toot; 

Figures 17A-17D Illustrate the operation of such al- 
ternative posHorming tool; 
Figures 18A- \QE illustrate a branching sub accord- 
tig to the first embodiment of the invention with con- 
cave delormation of the branching outlets; 
Figures 1 9 A - 1 9C illustrate an alternative actuating 
apparatus according to the invention. 
Figures 20A and 208 illustrate a second embodi- 
ment of the Invention where Figure 2DA » an exte- 
rior view of a rxanching sub with a mam ppe and a 
federal branching outlet and Figure 208 Is an axial 
section view of such branching sub; 
Figures 21 A and 21 B are axial and radial section 
views of the branching sub of Figures 20Aand 20B 
but in a retracted state, and Figures 21C and 21D 
are axial and radial section views of the branching 
sub of Figuree 20A and 208 in an expanded state; 
Figure 22 is a graph which shows that the yield 
strength of the housing material of the branching 
sub ftcroases wth the rate of detorrnaton during 
flj^pBo sion; 

Figure 23 Is a schematic illustration of the branching 
sub according to a second ernbodiment of the in- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct formations from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
which may be inserted within the main pipe of the 
branching sub whereby a drilling tool which enters 
frrjmmetopc^triesubmaybedrected into the lat- 
eral outlet; 

Figure 25 atust rates two branching subs connected 
n tandem with the tandem connection placed in a 
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series of casing links of a casing string; and 
Figures 26A and 268 tOustrato a cap which may be 
welded across the branching outlet in order to dose 
it off for certain wen operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and 1B illustrate 
the problems with prior art apparatus and methods for 
establishing branch wds from a parent well Figures 1 A 
and IB show radial and axial cross -sections of multiple 
outlet finere 12 hung and sealed from a large diameter 
conductor pipe 10. The outlets are round in order to fa- 
ctftate use of conventional fci'ng hanger packers 1 4 to 
seal the outlet liners 1 2 lor cornmunication with the con* 
ductor pipe 10. The anangernent of Figures 1 A and 1B 
requires that multiple round outlets of diameter Do fit 
withki the diameter Dslof the conductor pipe 1 0. In many 
cases, especially where the conductor pipe must be de- 
ployed at a depth in the well, rather than at the surface 
of the weO. it is not f eastole to provide a borehole of suf- 
ficient outer diameter to allow branch well outlets of suf- 
ficient diameter to be instaBed. 

The technique of providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch wells 22. 24 from a primary well 20. Special seal- 
ing arrangements 26. unlike conventional casing hang- 
ers, must be provided to seal a lined branch wen 22, 24 
to the primary well 20. 

Description of Branching Sub According to a First 
Embodiment of the Invention 

Figures 3A, 38. andSC illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32. (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)), and multiple outlet members, 
for example three outlet members 34. 36, 38 Ktustrated 
in Figures 3A, 3B. and 3C. Figure 3A is a radial cross- 
eection view through the branching chamber 32 which 
iBustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardly, anda third outlet member 38 which has been 
fully expanded outwardty. (Figure 3A is presented for il- 
lustrative purposes, because according to the invention 
it is preferred to expand and drcutarize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
tecttc<medasshc^partk*lar^ 
A round tube is deformed such that its cross-sectional 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
it fits cooperatively with the def ormed shape of the other 
outlet members, all within an knaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which atows it to be run in a parent weQ to a 
deployment location while attached to a parent casing. 
Outlet member 34 in its retracted state is illustrated in 
an oblong shape, but other retracted shapes may also 

$ prove to have advantageous characteristics. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a etCer outlet member. Such deformation is 
progressively greater and deeper starting from the top 

10 to the bottom of the outlet member. 

Figure 3A shows outlet member 33 in a state of be- 
rg expanded « an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
rounded by a downhoto forming-expanding tool that is 

is described below. The arrows labeled F represent forces 
bekig apptiod fcom tw interior of the outlet rnomber 36 
h order to expand that outlet member both outwardty in 
an arcuate pats away from branching chamber 32 and 
to circularize I bom its retracted state (as is the oondi- 

ro ton of outlet member 34) to its expanded or fully de- 
ployed state Ifta outlet member 38. 

Figure 38 is a radial cross-section as viewed by 
lines 38-38 of Figure 3C through the branching sub 30 
at the level of outlet members 36, 38. Figure 3C iltus- 

26 trates cowentanal casing liners 42, 44 which have 
been installed through branching chamber 32 and into 
respective outlet members 36, 38. Conventional finer 
hanging packers 46. 48 seal casing liners 42, 44 to outlet 
members 36, 33. As illustrated in Figures 38 and SC. if 

» the diameter 0s2 of the branching chamber 32 is the 
same as the dameter Dsl of the conductor pipe of prior 
art Figure 1& ton the outlet diameter 0 o of Figure 3C 
is 1 . 35 times as great as the outer diameter Do of Figure 
1 B. The finer aoss-c«ctlonal area S c of the sub of Figure 

& 3C is 1 .82 times as great as the liner cross-sectional 
area So of Figure i K When fully expanded, the effective 
diameter of the expanded outlet members 34. 36. 38 ex- 
ceeds that of the branching chamber 32. 

Expertnercs have been conducted to prove the lea- 

40 ability of man Jacturing branching sub 30 with outlets 
in a retracted state, and later ope rationally expanding 
outwardly and mounding the outlets. 

Experiment Phase 1 

4S 

Two casing sizes were selected: a first one. one me- 
ter long was 7 inch cfemetar casing with a waB thickness 
of 4.6 mm; the second was one meter long and was 7 
inch diameter casing with a wall thickness of 8 mm. A 

so hydraulic jack was designed for placement in a casing 
for expanding it. Each casing was successfully pre- 
formed into an ettptical shape, e.g.. to simulate the 
shape of outlet member 34 in Figure 3A and reformed 
into circular stepe whfle using a circularizing forming 

66 head with the jack. Circularity, like that of outlet member 
38 of Figure 3A was achieved with plus or minus differ- 
ence from perlect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter long. 7 inch diameter, 23 pound 
casings were machined axialty at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit inside an II inch 
diameter. The welding at the junction of the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 107 inches; the minimum di- 
ameter was 10.5 inches. 

a) Machinery 

Before rnUDng each casing at an angle of 2.5 de- 
grees, a spacer was temporarily welded at Is end to 
avoid poesfote deformation during machining. Next 
each casing was machined roughly and then finished to 
assure that each machined surface was cop tartar with 
the other. The spacer welded at the end of the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a jig. pressed together and carefully positioned 
to maintain afignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was removed. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next, about 500 mm were EB welded on one 
side; the combination was turned over and EB welded 
on the other side. Finally the bottom of the combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory-, the weld fillet was 
continuous without any toss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Deformation was done with a special pg of two por- 
tions of half cylinders pushed against each other by a 
jac*wfthaforcetf30metrfctc™ 
half cylinders had an inside diameter which was sRghtJy 
emafler than 11 inches, /ocordtngly, the final diameter 
of the deformed assembly was leas than 1 1 inches when 
the junction was deformed. Pliers were placed inside the 
junction to aid deformation of the outlet where it is criti- 
cal: at the end of the tube where the ctetormatkxi is max- 
imal 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when deforming. The deformation started at the outlets. 
Force was applied on the pfiers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outside pg was mored down in 
steps of 12S mm; at each step a force of 15 metric tons 
(33.000 pounds) was applied. The operakan was re- 
peated with a force of 20 metric tons (44.000 pounds). 
5 and the end of the outlets 6tarted to flatten on the wedge. 
The process was completed at a force ol 33 metric tons 
(66,000 pounds). The resulting deformec aroduct was 
satisfactory. 

It is preferred to modify the shape of the pliers in 

io such a way that the pliers deform tho outtet with a 
smooth angle and to weld the wedge artoi deformation, 
rather than before, and to weld it by usctg two targe 
wedges on each side of it to avoid a "negative' defor- 
mation of this area. 

1$ Experiment Phase 2 was conducted a second time, 
but with a steel sheet motal stiff ener wo ted along the 
EB welds of both sides of the junction of thetwocasings. 
The junction was deformed as in Experinant Phase 2 
to fit within an 11 inch diameter. A jack wth a force of 

20 20 metric tons (66.000 pounds) was used. PSers, as for 
the first junction, were not used. A large wedge was 
used for the first junction with a 5 degree ang^e cut in 
two and installed on each side of the wekfed wedge be- 
tween the two outlets to facilitate flaitoningof the outlets 

25 when deforrning The deformation started at the outlets 
and continued toward the junction. This coeration was 
repeated with a force of 30 metric tons. Tie end of the 
outlets started to flatten on the wedge. The portion most 
difficult to deform was around the junction af the casings 

30 where the outlets are complete inside bat welded to- 
gether, where the welded surface is between the top of 
the inside ellipse and the top of the outside efipse. As 
a result of this experiment, a higher capacity pcx of 50 
metric tons force was provided. 

95 

Experiment Phase 3 

A fuD length prototype with two 7 incti casings con- 
nected to a 9 5/8 inch casing was manJactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formation was occurring without pressure zariation. 

a) Machining 

<s Machining was performed in the sane way as for 
the two previous junctions except that th» length of the 
casings was 1.25 meters instead of 1 mete* and a 
groove was machined around the elliptical oraBe to en- 
hance the EB welding process. AoVftional^abSndhole 

so was machined on the plane of the cut of each casing to 
hstafl a pin between the two casings to provide better 
positioning. The upper adapter was rnacftinetj out of a 
soGd bar of steel on a rwrnencafiy contn^ rniing ma- 
chine to provide a continuous profile betveen the 7 inch 

ss cashgs. with a 2.5 degree angle, and the 5 SS inch cas- 
ing. The adapter was machined to accejt a plug. The 
hner diameter of the tower end of the 7 inch casings 
was machined to accept the expanding pugs. 
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b) WoWing 

The two machined casings were assembled togeth- 
er with a jig and pressed together. The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an EB chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible deformation. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
pined satisfactorily. An adapter was then TIG welded 
on the assembled casings as wed as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation dring pressure testing was measured 
using two linear potentiometers placed on the EB weld. 
The pressure was increased by steps of 5 bar. and the 
value of the potentiometer was recorded at atmospheric 
pressure, at the gwen pressure, and when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their juncbon was 3.7 mm. 

Experiment Phase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a smaD area. The upper adapter and 
the large casing welding act as stifteners. It was deter- 
mined to add a stifener in the plane of welding which 
can be •anchored" in the area of tow deformation. 

Experiment Phase 4 

A fuO length prototype with two 7 inch casings (9 
mm thickness) connected to a 9 5/8 Inch casing was de- 
formed to fit inside a 10.6 inch cylinder. This deformation 
was performed using the same pg used for Experiment 
Phase a but with a jack with 50 metric tons capacity 
Instead of 30 metric tons. 

a) Deformation Jig 

The deformation fig was modified to accept a higher 
deforming force and the bar which supports the fixed 
half shell was reinforced. The pg was bolted on a frame 
and a crane was included in the f rame to lift the junction 
and displace It durng the deformation process. 

b) Deforming Process 

The change of dimension of the joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Deformation started at the middle of the junc- 
tion where it is stillest and continuod toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The deformation on the bottom of the junc- 
tion was too high on the first run and reached nearty 10 
riches. Al the middfe of the junction, the deformation 
was about 10.6 r»ches. Except lor the bottom ond which 

5 was deformed too much with negative curvature around 
the wedge, the remainder of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings of thicker tubes, the jig must be 

io rebuilt to accept lan^ deforming forces. 

c) Conclusion 

The deformation of the prototype of Experiment 
15 Phase 4 was conducted easfly with the new jig. The cas- 
ings were reopened to the original shape. 

Figure 4 is a perspective view of the branching sub 
30 of Figures 3A. 38. 3C where the branching sub is 
shown after expansion. Threads 31 are provided at the 
20 top end of branching chamber 32. Threads 31 enable 
branching sub 30 to be connected to a parent casing for 
deployment at a subterranean location. Outlet members 
34, 36. 38 are shown expanded as they would took 
downhole at the end of a parent weft. 
2S Figures 5A-5D illustrate an alternative three outlet 
branching sub 301 according to the invention. Figures 
5A and 5B illustrate in radial and axial cross-section 
views the sub 301 h its retracted position. Outlet mem- 
bers 341 , 361 and 39 1 are illustrated with outlet member 
30 361 being about equal to the combined radial cross-sec- 
tional area of outles members 341 and 381 combined. 
Each of the outlet members are deformed inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the combined deformed areas of outlet 
35 members 341 . 361 and 3B1 substantially fill the circular 
area of branching chamber 321. Other deformation 
shapes may be advantageous as mentioned above. 
Each deformed shape of outlet members 341, 361 and 
381 of Figure 5A is characterized by (for example, of the 
40 outlet member 341 a circular outer section 342 and one 
or more connectir.;. non-circular sections 343, 345. 
Such non-circutar secuons 343. 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet member 351 so as to maximize the internal ra- 
45 dial cross-sectional areas of outlet members 341, 361 
and 381. 

Figures 5C and 50 ■ustrate the branching sub 301 
of Figures 5 A and 58 after its outlet members have been 
fully expanded after deployment in a parent wefl. Outlet 

so members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently curving path out- 
wardly (ram the axis of branching chamber 321 and ex- 
panded radiaffy to form circular tubular shapes from the 
deformed retracted state of Figures 5A and 58. 

ss Figures 6A-6E show in schematic form the size of 
expanded outlet members as compared to that of the 
branching chamber Figure 6A shows two outlet mem- 
bers 241, 242 whi:h have been expanded from a de- 
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formed retracted state. The diameters of outlet mom- 
bo rs 241 and 242 are substantia^ greater in an expand- 
ed state as compared to their circular diameters 8 they 
could not be expanded. Figure 6B repeats the case of 
Figure 3a Figure GC repeats the uneven triple outlet 
configuration as shown in Figures 5A-50. Figure 6D il- 
tustrates tour expandable outlet members from a 
branching chamber 42Z Each of the outlet members 
44 1 . 442, 443. 445 are of the same diameter. Figure 6E 
illustrates five outlet members, where outlet member 
545 is smaller than the other tour outlet members 541, 
542, 543, 544. Outlet member 545 may or may not be 
deformed in the retracted state of the branching sub. 

Description of Metfwd lor Expanding a Deformed 
Retracted Outlet Member 

Figures 7A-7E Wustrate downhole formhg heads 
122, 124, 126 operating at various depths in outlet mem- 
bers 38, 34. 36. As shown on the right hand side of Fig- 
ure 7 A, a generalized terming head 122 is shown as I 
enters a defcirmed retracted outlet member, for example 
outlet member 3a at location B. Each of the forming 
heads 122, 124, 126 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wall of branchng chamber 32 outwardly as illus- 
trated in Figure 7B. The forming heads 122. 124, 126 
continue to expand the outlet members outwardly as 
shown at location C. Rgure 7C shows the lorming heads 
122. 124. 126 expanding the outlet members outwardly 
while simultaneously circularizing them. Forming pads 
123. 125. 127arelorcedoutwaro^by a piston In each 
of the forming heads 122. 124. 126. The forming heads 
simultaneously bear against central wan region 150 
which acta as a reaction body so as to eirmiltaneousty 
expand and form the outlet members 38. 34. 36 while 
balancing reactive forces white expanding. Figures 70 
and 7E illustrate the forming step at locations D and E 
of Figure 7 A 

Figures 8A and 8B illustrate an axialty extending 
slot 160 in the branching chamber 32 of branching sub 
30. Such slot 163 cooperates with an orienting and 
tatchng sub of a downhole forming tool for radial posi- 
lionrig of such orienting and talching sub tor forming and 
expanding the mutipto outlet members downhote. A 
notch 1 62 In branching chamber 32 Is used to latch the 
downhote forming tool a! a preo^termlrtedaxiaJ position. 

An extension leg 170 projects downwardry Irom the 
central wall region 150 of branching sub 30. Afoot 172 
is carried at the end of extension leg 170. In operation, 
foot 172 is lowered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during lorming tool expanding and other opera- 
tions. 



Description of Forming Tool 

a) Description of Embodiment of Figures 9. 10 

5 Figures 9 and 10 illustrate the forming tool used to 
expand mutt pie outlet members, for example cadet 
members 34, 36. 38 of Figures 3A. 3B, and 3C and 
ures 78. 7C. 70 and 7E. The forming tool includes up- 
hoto apparatus 100 and downhote apparatus 200. The 
10 uptx^aw>aralus100sxrfurjesacorww 

tOB proo/ammed to control telemetry and power sicply 
-unt 104 and to receive commands from and disolaj *> 
foonation to a human operator. An uphole winch unil!06 
has an etoctrical wireline 110 spooled thereon for tow- 
is eriag downhole apparatus 200 through a parent vol 
casng and into the branching chamber 32 of a Xxaxto- 
hg sub 30 which is exxinected to and carried atthesnd 
of tte parent casing. 

The downhote apparatus 200 includes a conxen- 
20 tkx^ cable head 202 which pfovldes a strenc^vetetri- 
cd connection to wireline 110. A telemetry, power sup- 
plies and controls module 204 includes ccoverrtkxvi te- 
lemetry, power supply and control circuits which function 
to oommunicate with uphote computer 102 via wirtiine 
rs 1 m and to provide power and control signals to dewn- 
hefe modules. Hydraulic power unit 206 Includes aton- 
verirjonal electrically powered hydraulic pump for ad- 
ducing downhole pressurized hydraulic fluid. An orent- 
ng and latching sub 206 includes a latching device 210 
30 (schernatcally fflustratod) tor fitting within notch 1£2 of 
branchtog chamber 32 of Figure 8A and an orientinsde- 
vce 212 (schematlcatty illustrated) for cooperating with 
skx 160 of branching chamber 32. When the dowrrtote 
accarasus 200 Is towered into branching sub 30. osent- 
35 «^oev«2l2enterathe6tot160andthed^ 

paatus 200 b further lowered unta the latching oterice 
213 enters and latches within notch 162. 

Fixed traveling head 213 provides hydraulic flub 
cemmuntoatton between hydraulic power unit 206 and 
40 me traveling forming heads 1 22, 1 24, 1 26. lor exarote. 
Teescooic links 180 provide pressurized hydraulic 1uid 
to^avesng forming heads 122, 124. 126 as the hsads 
122,. 124, 126 move downwardly withii the muftipteout- 
tei members, for example outlet members 34, 36. 36 of 
45 Fcjjros7B-7E. Monftorhg heads 182, 184, iBGarejpro- 
vktod to determine the radial distance moved whist ra- 
defly teeming an outlet member. 

Fsjure 10 illustrates traveling forming heads T26. 
124, 122 to different stages of forming an ouflelmenber 
50 ol branching sub 30. Forming head 1 26 is shown in out- 
letmensoer 36, which » ilustrated by a heavy fine brfore 
radial terming in the retracted outlet member 36. The 
odtat member is shown h light ines 36^ 36\ wheat the 
osdet member is depicted as 36' in an trrtermaSate 
ss stage of lorming end as 36' in its final tormed staoa. 

The forming head 1 24 Is shown as it is radfeflytirm- 
ng retracted outlet member 34 (in light fine) to an nter- 
msdiale stage 34*. A final stage is illustrated as circular- 
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Ized outlet member 34". The forming head 1 24. like the 
other two forming heads 126. 122. includes a piston 151 
on which forming pad 125 is mounted. Piston 151 is 
forced outwardly by hydraulic fluid applied to opening 
hydraulic fine 152 and is lorcod inwardly by hydraulic 
fluid appCed to ctosng hydraulic Bne 154. A cat per sen- 
sor 1 84 is provided to determino the amount of radial 
travel of piston 151 and loaning pad 125, lor example. 
Suitable seals are provided between the piston 1 51 and 
the loaning head 124. 

The forming head 122 and loaning pad 123 are il- 
lustrated in Figure 10 to indicate that under certain cir- 
cumstances the shape of the outlet member 38 may be 
•over expanded' to create a stigtttry oblong shaped out- 
let. such that when racial loaning force from foaning pad 
123 and lormng head 122 Is removed, the outlet will 
spring back Hlo a oicutaf shape due to residual elastic- 
tty of the steelouttet member. 

Al the level of t» branching chamber 32, forming 
heads 122, 124, 126, balance each other against the 
reaction forces whfta forcing the walls of the chamber 
outwardry. According the forming heads 122. 124. 126 
are operated eimutaneousry, for example at level B of 
Figure 7A, while forcing the tower end of the wall of the 
branching chamber 32 outwardly. When a forming head 
122 enters an outlet member 38 for example, the pad 
reaction forces are evenly supported by the central waO 
region 1 50 of the branching chamber 32. The telescopic 
(inks 180 may be rotated a small amount so that the 
forming pads 127. 125, 123 can apply pressure to the 
right or left from the normal axis and thereby improve 
the roundness or circularity of the outlet members. After 
a forming sequence is performed, for example at loca- 
tion Oh Figure 7 A. tie pressure b released from piston 
151, and the telescopic Inks 180 tower the forming 
heads 122, for example, down by one step. Then the 
pressure is raised again lor forming the outlet members 
and so forth. 

The composition of the materials of which the 
branching sub 30 is constructed is preferably of an aHoy 
steel with austentc structure, such as manganese 
steel, or nickel alloys such as "Monel" and "tnconel" se- 
ries. Such materials provide substantial plastic deforma- 
tion with coto forming thereby providing strengthening. 

b) Description of Alemative Embodiment of Figures 
15A-150. 16andl7A-17D 

An alternative post-forming tool b Slustrated in Fig- 
ures 15A, 158. 158*. 15C, 150. 16, and 17A-17D. The 
post-forming tool 1500 is supported by common down- 
hol e components of Figure 9 iridudmgacattehead202, 
telemetry, power suppBes and controls module 204. hy- 
draulic powor unit 206 wxj an orienting and latching sub 
208. Figure 16 illustrates that posMorming tool 1500 in- 
cludes a travel actuator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a lower extended position as 



shown h Figures 17C and 170. Figure 178 shows the 
piston 1512 in an intermediate position. Piston 1S12 
moves to intermediate positions depending on the de- 
sired travel positions of loaning heads in the outlet mem- 
s bers. 

Figures 16 and 17D itustrate a two forming head 
embodiment of the posl-kxming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1562 of Figures 15A-15D) are illustrated. Threeormore 

io outlet members may be provided with a corresponding 
' number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are lorced 
downwardly into outlet members 1560. 1562 as piston 

is 1 51 2 moves downwardly. 

Actuator cylinders 1516 each include a hydraufical- 
ly driven piston 1518 which receives pressurized hy- 
draulic fluid Irom hydraufc power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1518 » 

20 h an upper position as «ustrated In Figures 17A and 
17C and in a tower position as illustrated in Figures 17B 
and 170. 

The actuator cylinders 1516 are prvotally finked via 
links 1524 to forming pads 1520. The pistons 1518 are 

25 finked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17A and 158*. the forming pads 1 520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 156. The expanding rollers 1522 and 
forming pads 1520 are in a retracted position within re- 

x traded outlet members 1 560. 1 562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount Next, pistons 1518 are stroked down- 
wardly causing expanding colters 1522 to move atong 

35 the inclined interior face of forming pads 1 520 causing 
the pads to push outwardty against the Interior walls of 
retracted outlet members 1560, 1562 untH the outlet 
members achieve a circular shape at that level. Simul- 
taneously, the outlet members are forced outwardry 

40 from the axis of the multiole outlet sub 1550. Next, the 
pistons 1518 are stroked upwardly, thereby reluming 
the expanding rollers 1 522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 

<s 1 520 further down into the outlet members 1 560, 1 562. 
Again, the pistons 1518 are stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardry 
and to circularize the outlets. The process is continued 
until the positions of Figures 150 and 170 are reached 

so which illustrate the position of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet members 1 560, 1562. 

Descnption of Method for Providing Branch Wells 

SS 

Figures 11A-11H and Frgure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 b illustrated as having 
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three outlet members 34, 36, 38 (per the example of Fig- 
ures 3A» 38, 3C and Figures 7A-7E) but any number of 
outlets may also be used as i lust rated in Figures 6A- 
6E. Only the outlets 38, 36 are *ustrated from the axial 
cross -sectional views presented, but of course a third 
outlet 34 exists tor a three outlet example, but it is not 
visfcte in the views of Figures 11A-11H or Figure 12. 

Figure 11 A shows that (he branching sub 30 is First 
connected to the lower end of a parent casing 604 which 
is conveyed through jnterrnecSate casing 602 (if 
present). Intermediate casing 602 fines the weftbcre and 
is typically run through surface casing 600. Surface cas- 
ing 600 and intermediate casing 602 are typically pro- 
vided to line the weftooro. The parent casing 604 may 
be hung from intermediate casing 602 or from the well- 
heads! trw surfaced me i*r*ic* on a pcoc^ plat- 
form. 

The outlet members 36. 33 (34 not shown) are in 
the retracted position. Slot 160 and notch 162 are pro- 
vkJodinbranchingchamber 32 of branching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latchivg device 210 of orienting and latching sub 208 of 
downhole apparatus 200 (See Figure 9). When the par- 
ent casing 604 is set downhote, the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is installed (not illustrated) at the connection of the 
branching sub 30 with the parent welt casing 604. The 
orienting process may be monsored and controlled by 
gyroscopic or jnctnometer survey methods. 

Description of Alternative EmbocSrnent of Figures 1BA- 
18Fend19A-l9C 

Figures 18A-18F illustrate concave deformation of 
outlet members in a retracted state of a branching sub 
according to an alternative embodiment of the invention. 
The outlets are shaped simitar to that of a ruled surface 
shell. Concave deformation of retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arrangements, especially for 
three or more outlet nodal junctions. 

Figure ISA illustrates, in a radial cross section 
through lines IBAof the branchhg c*iamber1821,ofthe 
branching sub 1850 of Figure 16B. that the outlets have 
a concave shape. Stiffening structure 1600 is provided 
at the Juncture of each outlet member 1881. 1842. 1861 
with its neighbor. As a result, the area that is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing toe retracted shape of the outlet 
members, as in Figures 18A and 188, aflows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the pmciple of dekxmaiion of a ruled surface 
shed that aBows expansion by post-forming with a min- 
imum of energy required. Figure 16A itustrates an en- 
velope 1 81 0 of the overall dameter of the branching sub 
1850 when the outlet members 1881. 1842. 1861 are 
retracted. The arrow 1806 points to a dieted area of 



structural reinforcement. Arrow 1804 points to an area 
of concave detormation of the outlets in branching 
chamber 1821. 

Figure 18C illustrates the branching sub 1850 at a 
5 longftudral position at the junction of the outlet mem- 
bers with a radial cross section through fines 1 8C of Fig- 
ure 18B. Arrow 1 810 points to the outer envelope of the 
branching sub in its retracted state. Figure 180 illus- 
trates the branching sub 1 850 near the end of the outlets 
io while In a retracted state. Arrow 1810 points to the outor 
envelope of branching sub 1850 in the retracted state, 
while errowsl881\ 1842* and l86Vpoint to dashed line 
outlines of the outlet members 1881, 1842 and 1861, 
respectively, after expansion. 
is Figures 18E and 18F illustrate the branching sub 
1850 in an expanded state where Figure 18E is a radial 
cross section of through the outlet nnerribers at ihe end 
of the outlet. Arrow 1810 points to the outer envelope of 
the branching sub 1850 when in a retracted state; arrow 
zo teiO 4 points to the outer envelope when the outlet mem- 
bers 1681% 184? and 186V have been expanded 

A preferred way of placing the outlet members 
1881. 1842, 1 861 into the retracted state of Figures 18A- 
180 is to construct the sub with the geometry of Figure 
2S 18E and apply concave pliers along the vertical plan of 
axis symmetry of the junction. The deformation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18 A) to the bottom of the 
outlet members. The entire junction of outlet members 
oo 1881. 1842, 1861 to branching chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nickel-based alloys (Mono! or Inconel for example) in 
the deformed areas and materials of higher yield 
strength In the non-def ormed part of the branching sub. 
3$ Electron beam wefcSng is a preferred method of welding 
the composite shefl of the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining of sections of different compositions 
and thick walls with minimum loss of strength. 
40 Figures 1 9A. 1 9B and 1 9C illustrate a post-forming 
tool 1 926 similar to the post-forming tool of Figures 1 58*- 
150 and 16 described above. An actuator sonde (not 
shown) supports the post-forming tool 1926 Including 
actuator 1910. push rod 1927. and forming rollers 1 929. 
45 Figure 19A shows an axial section schematic of the 
post-forming tool 1926 operating in one outlet member 
1881 of branching sub 1650 when It begins to expand 
such outlet member. Figure 1 98 Blustrates a similar axial 
section where actuator 1 910 has been stroked outward- 
so |y to force push rod 1927 and traveling torming head 
1928 downward, with forming rollers 1929 expanding 
outlet member 1881 outwardly white simultaneously 
roundng it Figure 19C shows a vertical cross section 
through the branching sub 1B50 with a traveling forming 
ss head 1928 in each of the three outlet members 1881. 
1 842. 1 861 . Forming rollers 1 929 force the concave por- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stfflen- 
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rig structure 1800. Push beams 1933 provide a franc 
torfo^atkmtVft^5portir>gfofmjngronor8 1929 and sup- 
port rotors 1931. Springs and Snkages (not illustrated) 
are provided among push beams 1933, forming roters 
1 929, and support rotters 1 931 to insure that all moving 
ports retract to a top position so that the overall tod di- 
ameter collapses to the diameter of the branching cham- 
ber 1821 (Figure 188) of the branching sub 1850. 

tn operation, the traveling forming head 1 928 of Fig- 
ures 19A-19C follows a sequence of steps similar to nat 
described above with respect to Figures 17A-17D. The 
p06t4ormng tool 1 926 to conveyed by means of a wore- 
foe and its associated sonde with cable head, telemetjy 
power supplies and controls sub. hydraulic power unit, 
and orienting and latching sub. and Is set so that tie 
actuator 1 910 seats above the top of the junction of av- 
erting structure 1800. The traveBng forming head 192a 
comprising push beams 1933 carrying forming raters 
1929 and support rollers 1931. Is pushed dcwwiwardty 
by powering actuator 1 9 1 0 so that the expansion of each 
outlet member (e.g.. 1881. 1842. 1861) begins at its top 
end where it exits from the branching chamber 1 821 and 
continues to the lower end of each outlet member. This 
sequence Is repeated until the proper circular shape is 
achieved. 

Figure 11B illustrates the forming step described 
above with forming heads 122. 126 shown lorming out- 
let members 38, 36 with hydraulic fluid being provided 
by telescopic links 180 from hydraulic power unit 206 
and fixed traveling head 213. The outlet members 36. 
36 are rounded to maximize the diameter of the branch 
we Is and to cooperate by fitting with liner hangeis or 
packers in the steps described betow. The forming step 
of Figure 11B also strengthens the outlet members 36. 
36 by their being cokJ formed. As descrfoed above, the 
preferred material of the outlet members 36, 38 of the 
branching sub b alloyed steel with an austenftic sfruc- 
ture, such as manganese steel, which provides substan- 
tial plastic deformation combined with high strengthen- 
ing. Cold forming (plastic deformation) of a nickel efloy 
s-eol, such as InconeP, thus Increases the >eW 
strength of the base material at the bottom end of me 
branching chamber 32 and in the outlet members 36. 
38. The outlet members are formed into a final subssan- 
faty circular radial crces-eed^ 

As Described above, it '» preferred under most ©on- 
cfUons to convey and control the downhole torrning ap- 
paratus 200 by means of wireline 110. but under certain 
rjonditlons, e.g.. under-balanced weltoore conditions, 
(or in ahxjhJy deviated or horizontal wefl) a coaedUAing 
equipped with a wireline may replace the wireline atone. 
As llust/ated in Figure IIBand described above, the 
dbwnhoie forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Utching device 210 
snaps Wo notch 162 as shown in Figure 11 B (see also 
Figure 12). Hydraulic pressure generated by hydraufc 
power una 206 is applied to pistons in forming heads 
122. 126 that are supported by telescopic links 180 Af- 



ter a forming soquence has been perlomedl the pres- 
sure b released from the pistons, and (he telescopic 
finks 180 tower the forming pads down by one step. 
Then the pressure is raised again and jo on until the 

s forming step is completed with the outlet moffnbors cir- 
cularized. After the outlet members are expanded, the 
downhole forming apparatus 200 is renoved from the 
parent casing 604. 

Figures 11C and 110 illustrate the c em en ti ng steps 

io tor connecting the parent casing 604 ana the branching 
sub 30 into the well Plugs or packers BOO are installed 
nto the outlet members 36. 38. The preferred way to set 
the packers 800 is with a multiple head stinger 802 con- 
veyed either by cementing string 804 or a catod tubing 

is (not illustrated). A mutt^e head stingy includes multi- 
ple heads each equipped with a cemertng tow ehoe. 
The sthger 802 is latched and c«1ented to trie branching 
chamber 32 of branching sub 30 in a manner simitar to 
that described above with respect to F cgure tlB. As 8- 

20 (ustrated In Figure 110. cement 900 is injected via the 
cementing string 804 into the packers 800. and after In- 
flating the packers 800 flows through conventional 
check valves (not shown) into the annuua outside par- 
ent casing 604. including the bottom braxNng section 

25 1000. Next, the cementing string 804 is pjOedoutof the 
hole after disconnecting and leaving packers 800 in 
place as shown in Figure 11E. 

As shown in Figure 11F. individual arandh weOs (e. 
g. 801 ) are selectively drilled using any suitable drilling 

30 technique. After a branch well has been driBed. a liner 
805 is installed, connected, and seated in ihe outlet 
member. 36 for example, with a oonuznticMial casing 
hanger 806 at the outlet of the branchrag sab 30 (See 
Figures 110 and 11H). The liner may t» cemented (as 

js illustrated in Figure 110) or it may be retrievable de- 
pending on the production or Injection parameters, and 
a second branch well 806 may be drilled as Wustrated 
r> Figure 11H. 

Figure 12 illustrates completion d branch wells 

40 from a branching sub at a node of a parent weO having 
parent casing 604 run through intermedate casing 602 
and surface casing 600 from weliheac 610. As men- 
tioned above, parent casing 604 may ta hung from in- 
termediate casing 602 rather than from eel head 61 0 as 

45 illustrated. The preferred method of corrpietmg the well 
is to connect the branch wefls 801. BOB to a downhole 
manifold 61 2 set in the branching chanter 32atoove the 
junction of the branch wefts 601. BOB. The downhole 
manifold 6 1 2 b oriented and latched in b^ncf^cham- 

50 ber 32 in a manner simitar to that of the icrmtfhote form- 
ing tool as IBustrated in Figures 8A. 85 and 118. The 
downhole manifold 61 2 afl^ 
tion of each respective branch weB and provides for se- 
lective re-entry of the branch weBs 801 , 308 m6h testing 

&5 or maintenance equipment which ma/ be conveyed 
through production tubing 820 from the surface. 

In case of remedial work n the parant casing 604. 
the downhole manifold 612 can isolate the parent well 
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from the branch welts 801, 808 by plugging the outlet of 
the downhoie manifold 61 2. This is done by conveying 
a packer through production tubing 820, and setting it 
in the outlet of downhoie manifold 612 before discon- 
necting and removing the production tubing 820. valves 
controllable from the surface and testing equipment can 
also be placed in the downhoie equipment. The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such that each branch well 801 . 808 
can be independently connected to the surface well- 
head. 

The use of a branching sub for branch weP forma- 
tion, as described above, for a tripte branch well config- 
uration, allows the use of dramatically smaller parent 
casing as compared to that required in the prior art ar- 
rangement of Figures 1 A and IB. The relationships be- 
tween the branching sub diameter Ds. the maximum ex- 
panded outlet olameter Do. and the maximum diameter 
of a conventional axial branch D c tor a two outlet case 
is shown ki Figure 13A. and for a three outlet case in 
Figure 1 38. The same kind of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of finers 
packed at the end of the parent casing, the branching 
wed methods and apparatus of the present invention at- 
Iowa gain in branch cross-sectional area ranging from 
20 to 80 percent 

Figures 14A-140 illustrate various uses of two node 
branch well configurations according to the invention- 
Figures 1 4 A and 1 4B illustrate a branching sub at a node 
according to the invention. Figure 14C illustrates how 
branch weds may be used to drain a single strata or res- 
ervoir 1 1 00. while Figure 1 40 illustrate* the use of a sin- 
gle node by which multiple branch we la are directed to 
different target icoes 1120. 1140. 1160. Any branch well 
may be treated as a single wel for any intervention, 
plugging, or abandonment, separate from the other 
wells. 

Description of Alternative Embodiment of a Branching 
Sub According to the Invention 

a) Description of Alternative Branding Sub 

Figures 20A and 208 show an alternative embodi- 
ment 3000 of Che invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
inctudng a housing 3002 having threaded ends 3004, 
3006. The branching sub 3000 of Figures 20 A, 208 b 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main ppe 3010 which 
defines a feed through channel 3011 (see Figure 20B) 
and at least one lateral branching de- 
fines a lateral channel 3013 (see Figure 208). A branch- 
ing chamber 3008 is defined between the top channel 
3007 and the teed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012. 

In a retracted state, the branching sub 3000 may be 
placed in series with sections of weQ casing and posi- 
tioned r» a borehole witi Ihe running of the casing string 
5 into the borehole. After placement in the borehole, the 
housing of the branching sub 3000 is post-formed so 
that both the feed through channel 3011 and the lateral 
channel 301 3 (or multiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 
io sure and which maximizes the drift diameter of the lat- 
eral channel 301 3 and (he feed through channel X1 1 . 
Longitudinal ribs 3018 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rib 3018 
extends the entire axial length of Ihe branching sub 3000 
is and is integral with the BHA deflecting area 3015 for a 
distance from the bottom threaded end 3006 of the 
branching sub 3000 to the branching chamber 3008. 

Figures 21A-21D schematically atustrate the 
branching sub 3000 in its retracted state (see Figures 
*o 21 A. 21 B) and in its expanded state (see Figures 21C. 
210). In the retracted state shown h Figures 21A. 21B. 
the main pipe 301 0 and the branching outlet 3012 have 
been prefabricated so that the maximum outer diameter 
0 of the branching sub 3000 is not greater (nan the top 
rs threaded end 3004 or bottom threaded end 3006. Figure 
21B, taken along section fine 21B of Figure 21A. illus- 
trates the oblong shape of the feed through channel 
3011 of main pipe 3010 and of the lateral channel 301 3 
of lateral branching outlet 3012. In the retracted state, 
m branching sub 3000 can be placed between sections of 
borehole casing and run into an open borehole toa se- 
lected depth. 

Figures 21 C and 21 D schematically Shi strata the 
branching sub 3000 after ft has had Its feed through 
3S channel 3011 expanded and rtstateral channel 301 3 ex- 
panded. The maximum diameter in the expanded state, 
performed downholo, at section fine 210 is O 1 as com- 
pared to the diameter D of the top and bottom threaded 
ends 3004, 3006 of the branching sub 3000. Figure 21 0 
40 illustrates that the main pipe 3010 and the lateral 
branching outlet 30 1 2 not on ly have been expanded out- 
wardly from their retracted state of Figures 21 A 21 B, 
but that they have been substantia tty circularized. Thus, 
to Figure 210. feed through channel 3011 end lateral 
<s channel 301 3 are characterized by substantially circular 
interna! diameters. 

The downholo post-forming method and apparatus 
Htust rated and descnbod above by reference to Figures 
7A-7E. 8A, 88, 9 and 10 are used to expand the feed 
so through channel 3011 and the lateral channel 3013 

The construction of branching sub 3000 is based on 
the combination of material and geometrical properties 
of the BHA deflecting area 3015. The material is specif- 
ically selected and treated to allow a tartrate of defor- 
ss inatkxi without cracks. The geometry of the waJ is such 
that both Us combined thickness and shape ensure a 
continuous and progressive rate of delorrnation during 
the expansion. The plasoc deformation increases the 
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yioid strength by cold work effect and hence gives the 
Joint an acceptable strength that is required to support 
the pressure and liner hanging forces. Figure 22 shows 
thai the yield strength after expansion increases with the 
rate of deformation of the outlets. A preferred material 
for use in the poet -forming areas is a fine grain normal- 
ized carbon steel or an austenitc manganese alloyed 
steel that reacts favorably to cold working. A preferred 
construction method is to manufacture different specific 
components in order to optimize the material and form- 
ing process of each particular part In a final stage, the 
cornpononts are welded together so that the housing 
3002 becomes one single continuous structural shed 

b) Description of Use of Alternative Branching Sub 

Figure 23 schematically llustratea the use of ths al- 
ternative branching sub 3000 as described above. A 
preferred use of the branching sub 3000 Is for providing 
multiple branches In a parent wolL Such mufti** 
branches may improve the drainage of a subterranean 
formation. 

Before the invention of the branching sub 3000 of 
Figures 20 A, 20B and 21A-21D, connection of a lateral 
branch to a parent well has generally made use of an 
arrangement of several parts with sealing of the branch 
weD to the parent wen with rubber, resin or cement Such 
joints require a complex method of installation and 
present a risk of hydraulic isolation failure after sevoral 
pressure cycles In the wo P. 

The branching sub 3000 according to the invention 
allows (or providing multiple branches from a parent 
casing with no sealing joint, but with conventional liner 
hanging packers and casing joints. The geometry of the 
housing 3002 of the branching sub 3000 allows the pres- 
sure rating of the sub and the size of the branch to be 
maxrnized with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expansion downhote, branch wells 3014 
are provided to separate parts of the earth's crust by 
means of lateral channels 3013. The branch wells 30* 4 
can be used for extraction, storage or injection of various 
fluids such as monoor poty-phasic fluids olriydrocarbon 
products, steam or water. 

c) Desertion of Deflection Apparatus and Procedures 

Figure 24 Illustrates how a drilling tool 3030 can be 
guided or deflected from main p'pe 3010 nto lateral 
branching outlet 301 2 after the branching sub 3000 has 
been expanded downhote. A deflecting tool 3036 is set 
in main pipe 3010 by means of elements which cooper- 
ate with the positioning groove 3040 and orienting cam 
and slot 3042 illustrated schematically. 

Several lateral branching subs can be stacked in 
tandem at a location in the weO or at several places 
along the casing string in order to provide optimal com- 
mun cation with various lormations from the parent well. 



Figure 25 illustrates two branching subs 3000 according 
to the alternative embodiment of the invention which are 
connected in tandem in a casing string 3300 Whore two 
or more branching subs 3000 are connected in a casing 

$ string 3300, each sub can be oriented with De same or 
a different face angle for the lateral branches As a con- 
sequence, different angular orientations from the parent 
well may be provided to reach a large votes of subter- 
ranean formations with different lateral branches. The 

to casing siring 3300 may be oriented vertically or horizon- 
tally, or it may be titled; but the lateral branches may in 
any case extend laterally from the parent casaig. Al- 
though departing at a narrow angle from the casing 
string 3300, lateral boreholes from the taiesa! outlets of 

is brancmng subs 3000 can be directional ly drSed to a ver- 
tical, deviated or horizontal orientation. 

Figures 26A and 26B ilustrate a drifiabfe cap 3400 
welded about the opening of lateral brandling outlet 
3012 in its retracted and expanded conditions, rospec- 

20 tively. When conveying the casing string irfb the bore- 
hoie. the cap 3400 laotate* tho latoml chanr*J 301 3 from 
the borehole and maintains a diflerentiaj pressure 
across the casing wall which may be required to control 
the borehole pressure when casing is conveyed down- 

2S hole. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and into a formation to form 
a lateral branch. 

d) Description of Advantages and Features of 
30 Alternative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provided with more than one lateral outtet Such 
multiple outlets can be coplanar with each other or non - 

x coplanar. A single branching 6Ub 3000 can be connect- 
ed ti tandem with one or more other branching subs 
3000 either at its top end or Its bottom end. A branching 
sub 3000 can be provided with a foot at its lower end in 
a similar manner to foot 1 72 of Figure 8A. 

*o A lateral branching outlet 301 2 of Figure 20B may 
support a liner hanging packer which holds a liner con- 
nected to the housing 3002 in order tc isolate the 
branching chamber 3006 from the borehote. Appropri- 
ate grooves at the top of the lateral branching outlet 

« 3012 may be provided to secure the finer hanger and 
prevent the Cner from accidentally moving out of tie out- 
let during the Cner setting operation or tatot Atecnalivo- 
ry. the interior wail of thr lateral branching oudet 3012 
can be provided without grooves. 

so Tho lateral branching outlet 301 2 can be toimtnatod 
with a ramp thai guides the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accidentally drilling back toward the 
main p ipe 3010. 

55 other structures may be provided inside the 
branching diamber 3008 such as a guidance ramp, sec- 
ondary positioning groove, or the like to validate con- 
veying equipment through the teed through channel 



13 



25 



EP0 823 534 A1 



26 



3011 or toward a specific lateral channel 3013. The 
branching chamber 3008, or the lateral branching outlet 
3012, or the main pipe 30 10, can be provided with tem- 
porary or permanent flow control devices such as 
valves, chokes, or temporary or permanent recording s 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow cfiverter. or an isolating packer. 
Alateralbranchlngoutlet3012canalsobeprovic^with to 
an artificial lifting device such as a pump, gas influx in- 
jectors, and the like. 

As an alternative to the apparatus and techniques 
of Figures 7-10 for expanding the main pipe 3010 and 
the lateral branching outlet 3012. an inflatable packer »* 
may be placed on the inside wait of the main pipe 3010 
or the lateral branching outlet 301 2 whereby the expan- 
sion force of the packer is used to expand the pipes by 
plastic deformation. 

various modifteatkxts and alterations in the de- *° 
scribed methods and apparatus win be apparent to 
tboso skilled in the art of the foregoing description which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of the appended claims which include the only & 
limitations to the present invention. The descriptive 
manner which to employed for setting forth the embod- 
iments should be interpreted as illustrative but not limi- 
tative. 



Claims 

1. A multiple branching sub designed and arranged for 
deployment in a borehole comprising: *s 

a branching chamber having an open first end 
of cylindrical shape and a second end, said 
branching chamber designed and arranged for 
sealed connection at said first end to casing in «o 
a borehole; and 

multiple branching outlet members, each of 
which is integrally connected to said second 
end of said branching chamber, each of said 
mu ftiple branching outlet members being in flu- 
id communication with said branching cham- 
ber, said sub characterized by: 
a retracted position for insertion into a borehole 
in which each of said multiple outlet members 
is substantially totally within an imaginary cyt- so 
rrtder which is coaxial with and of substantially 
the same radius as said first end of said branch- 
ing chamber, and 

an expanded position in which at least one of 
said multiple outlet members extends from said 55 
branching chamber In a path outwardly of said 
imaginary cylinder, and 

wherein said branching outlet members, when 



in said retracted position, are characterized by 
an outer curved shape when a radial cross-sec- 
tion of said branching outlet members is viewed 
from outside said imaginary cylinder. 

2. The sub of claim 1 wherein said branching outlet 
members, when in said retracted position, are char- 
acterized by an outer convex or concave shape 
when a radial cross-section of said branching outlet 
members is viewed from outside said imaginary cyl- 
inder. 

3. The sub of claim 1 wherein said outlet members are 
designed and arranged such that in said expanded 
position, each of said multiple outlet members ex- 
tends in an arcuate path from said branching cham- 
ber outwardly of said imaginary cyfnder. 

4. The sub of claim 1 wherein said multiple outlet 
members in said expanded position are character- 
ized by a substantially circular radial cross-section- 
al shapo. 

5. The sub of claim 1 wherein said muftple branching 
outlet members are formed of a material which may 
be plastically deformed by cold forming. 

6. The sub of claim 5 wherein said material is an al- 
loyed steel with auslenilic structure. 

7. The sub of claim 6 wherein said material is a nickel 
alloy. 

8. The sub of claim 1 wherein each of said multiple 
branching outlet members is of substantially the 
same racial cross-sectional area 

9. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members cs characterized by 
a radial cross-sectional area which is greater than 
at least one other of said muttble branching outlet 
members. 

10. The sub of claim 1 further comprising a log member 
carried substantially axiaiy downwardly from said 
second end of said branching chamber; end a foot 
disposed at a distal end ot said leg. 

11. The sub of claim 1 wherein a central support region 
is defined at said second end of said branching 
chamber between integral connections of said mul- 
tiple branching outlet members to said second end. 
and further comprising: 

an extension leg carried from said central sup- 
port region which extends axialry beyond said 
multiple branching outlet members; and 
a loot disposed at a distal end of said leg. 
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12. A branching sub designod and arranged lor deploy* 
«ont in a boreholo comprising: 

an integral bousing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being kxtgitud natty below said branching 
chamber and each being In fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branch rig chamber and being adapted lor con- 
nection to borehole casing, and wherein said 
top end is characterized by a connection diam- 
eter. 

said branching sub characterized by a retracted 
state (or insertion Into a borehole In which the 
largest diameter of said housing at any position 
along its longitudinal length b no greater than 
said connection diameter, and 
an expanded state in which said branching out- 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 wherein said main 
jipe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14. The branching sub of claim 12 wherein said main 
pipe has threads provided at said bottom end for 
connection to borehole casing below. 

15. The branching sub of claim 1 4 where in the retract- 
ed state said main pipe is characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circutar inside radial section shape at a 
ono^udinal position below said branching chamber 
and above said bottom end, and said branching out- 
et is characterized by a non-circular inside radial 
sectton shape at a longitudinal position below said 
sranching chamber. 

1& The branching sub of clalml 5 where in theexpand- 
ed state said branching chamber and said main 
pipe are characterized by a substantially constant 
first cfameter of a circular inside radial shape from 
said top end to said bottom end. and said branching 
outlet b characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of daim 13 further comprising a 
first longitudinal rib which is integral with said hous- 
ng and which extends Irom said bottom end to said 



top end in a path along the exterior of said housing. 

18. The branching sub of claim 17 further comprising a 
second longitudinal rib. spaced peripheral^ from 

5 said first longitudinal rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub of claim 18 lurther comprising a 
io deflecting structure which separates said main pipe 

from sad branching outlet from said branching 
chamber JonojtucfinaBy downward to said end of 
said branching outlet 

*5 20. The branching sub of daim 1 3 further comprising a 
drillable cap secured lo said end of said branching 
outlet. 
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